Abstract: 2,4,6-Trinitrotoluene (TNT) is an important aromatic organic based explosives. The computational analysis of the effect of phases (ethanol, methanol, and water) is essential to determine the sensitivity of it. In this study; I investigate the stability, the reactivity of TNT in different phases by using density functional theory (DFT). The results suggest optimization approaches for TNT based on DFT methods B3LYP functional and 6-31G containing polarizing functions (d,p) basis set for these explosives by selecting the sensitive phase of the explosive analyte.
Introduction
TNT was being synthesized in 1863 by Wilbrad [1] . TNT is an aromatic organic based explosive [2] . The computational temperature analysis on the effect of temperature to TNT correlates closely with the experimental results [3] . The solubility of TNT at room temperature is very low, but it is well soluble in solvents such as ethanol, acetone, and methanol. TNT is a stable, non-hydrating compound as it has low water solubility and is not sensitive to stimulants such as friction, shock and electrostatic energy [4, 5] . The physicochemical properties of TNT lead to the transport of active compounds from ground to groundwater. Low water solubility and water absorption properties make it easy to use in damp environments [6] . The manufacturing, usage, and disposal of TNT for military activities have caused contamination of both soil and groundwater. Although TNT is widely used as an explosive material, there are toxic effects of TNT on many organisms including humans and because of the symmetrical arrangement of the nitro 1 Corresponding Author e-mail: akgokalp@gmail.com groups in the structure of TNT, it can stay in nature without degradation for a long time [7] . TNT is an important poisonous material and it injures many cells, tissues, and organs such as liver, bone marrow, and kidney. Acute yellow atrophy of the liver, aplasia of the bone marrow, petechial hemorrhages, and toxic nephritis is the mainly pathologic findings [8] .
Türker and Varıs computationally indicated that the poisoning effect of TNT occurred on the sex life via female sex hormone estrone. TNT may interfere with the hormonal system and neurotransmission processes [9] and activities upon interaction with epinephrine [10] . Folic acid (FA) is known to take place in synthesis, renovation, and methylation of DNA, as well as a cofactor in certain biological reactions to the strong interactions between TNT and FA, may affect as FA related biological activities [11] . In our study; We have investigated the stability of TNT in different phases (ethanol, methanol) by using DFT.
Method
In this study, the stability calculations of TNT were done in the ethanol, methanol and water phases. The dielectric constants of ethanol, methanol, and water were determined as 24.55, 32.63 and 78.39 respectively [12] . DFT procedure was used as the calculation method. DFT methods B3LYP functional and 6-31G containing polarizing functions (d, p) basis set was used. Geometry optimization of TNT was performed in ethanol, methanol and by using the mentioned functional and basis set. HOMO and LUMO energy levels and dipole moment values were obtained after optimization procedure [13] .
Results and discussion
HOMO, LUMO, Δ (HOMO-LUMO) and Dipole Moment values of TNT are given in Table  1 . The molecular structure of TNT is given Fig. 1 . [14] .
According to data from Table 1 ; Stability; (HOMO-LUMO difference) is from large to small; TNT in water > TNT in ethanol > TNT in methanol Polarity: (Dipole moment) TNT in water > TNT in methanol > TNT in ethanol TNT in water has a large frontier orbital gap so ıt has low chemical reactivity and high kinetic stability. Our theoretical results show that the stability of TNT in water is higher than the others. Moreover, TNT in methanol is more unstable than the others. So, it can interact with other molecules more easily.
The first explosives are the crucial importance components in detonators and primers, used for initiating the elements to many military items such as small, medium, and large caliber munitions, mortars, artillery, and warheads [15] . TNT can be strongly adsorbed in the carbon nanotube exterior surface [16] . Molecules having high HOMO energy can donate their electrons more easily compared to molecules with low HOMO energy, and so they are more reactive in oxidation reactions. On the other hand, molecules having low LUMO energy are more convenient to accept electrons than molecules with high LUMO energy [10] .
In literature 4, 5 mentioned above; TNT is a stable, non-hydrating compound as it has low water solubility and is not sensitive to stimulants such as friction, shock, and electrostatic energy.
There is very good agreement between calculated isotopic shifts of nitrobenzene and those observed experimentally by using DFT [17] . Cooper emphasized that the best arrangement between experimentally identified absorption energies and those calculated by TD-DFT with the smallest basis set of 6-31+G(d) [18] . "The lp…Π interaction competes successfully with the N-H… Π and N-O…H hydrogen bonds but are weaker than the conventional C-H…N hydrogen bond. The results also indicate that the competition between hydrogen bonding and lp… Π interaction in TNT" [19] . The sensitivity of explosives is related with the HOMO-LUMO energy gap. If it has narrowed the gap of the explosive is more sensitive [20] . Explosive encapsulated microspheres were important techniques for trace explosive detection because of their precise size, shape, and composition [21] so the stability of them would be investigated in different phases by using the Gaussian 09W [22] . In this study; the HOMO-LUMO energy gap of TNT in ethanol narrow and not stable. So, it is more sensitive to explode.
Conclusion
The presented results indicate that the stability of TNT in water is more than the others. Moreover, TNT in methanol is more unstable than the others. So, ıt can form the complex with the other functional groups. The HOMO-LUMO energy gap of TNT in methanol narrow So ıt is more sensitive to explode.
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